Subnatural-width spectroscopy by time-delayed coincidence technique by Vagizov Farit Gabdulhakovich & Shakhmuratov Rustem Nazimovich
Mёссбауэровская спектроскопия и её применения XV 
 
XV Mössbauer spectroscopy and applications, Sochi, 2018 
 
 
НИИ ФИЗИКИ ЮЖНОГО ФЕДЕРАЛЬНОГО УНИВЕРСИТЕТА 
 
 
 
 
 
МЁССБАУЭРОВСКАЯ СПЕКТРОСКОПИЯ И ЕЕ 
ПРИМЕНЕНИЯ  
 
 
Сборник материалов 
XV Международной конференции 
 
 
 
 
 
Сочи, 10— 16 сентября 2018 г. 
 
 
 
 
 
 
 
 
 
 
 
 
Ростов-на-Дону 
2018 
  
Mёссбауэровская спектроскопия и её применения XV 
 
XV Mössbauer spectroscopy and applications, Sochi, 2018 
 
 
УДК 548.9 + 53.043 + 543.429.3 
ББК  
 
 
 
 
Составители: 
С.П. Кубрин, 
К.В. Фролов, 
Д.А. Сарычев, 
И.C. Любутин  
 
М53 Мёссбауэровская спектроскопия и ее применения: сборник материалов 
XV Международной конференции (Сочи, 10– 16 сентября 2018 г.); Южный 
федеральный университет. – Ростов-на-Дону ; Таганрог : Издательство 
Южного федерального университета, 2018. – 188 с илл. 
ISBN 978-5-9275-2831-8 
 
 
 
 
Сборник включает в себя программу и тезисы докладов участников XV 
Международной конференции «Мёссбауэровская спектроскопия и ее 
применения», проводившейся в г. Сочи 10 – 16 сентября 2018 г. 
 
 
 
 
 
 
 
 
 
УДК  548.9 + 53.043 + 543.429.3 
ББК 
ISBN 978-5-9275-2831-8 
 
© Южный федеральный университет, 2018 
VIII New experimental methods and techniques 
 
XV Mössbauer spectroscopy and applications, Sochi, 2018 
156 
 
Subnatural-width spectroscopy by time-delayed coincidence technique  
 
Vagizov F.G.1, Shakhmuratov R.N.1,2  
 
1Kazan Federal University, Kazan (Russia) 
2Zavoisky Physical-Technical Institute, Federal Research Center “Kazan Scientific Center of RAS,” 
Kazan (Russia) 
vagizovf@gmail.com  
 
We show that the absorption/transmission spectrum obtained by gamma-photons, detected 
with a delay, is narrowed due to the interference of the spectral components of the radiation field. 
Experimental spectra of absorption of Mössbauer radiation, obtained by coincidence technique, 
confirm this conclusion.  
 
A serious obstacle in Mössbauer spectroscopy is the comparable size of line widths and line 
splittings of interest. The minimum linewidth achievable experimentally is determined by the lifetime 
of the nuclear level emitting the recoilless γ-ray. The existence of this limitation in Mössbauer 
spectroscopy often hinders proper interpretation of experimental spectra, as in some cases the line 
widths exceed the line separations.  
For some Mössbauer source nucleus (like 57Co), that undergoes electron capture to form a 
second excited state, which decays via two-photon cascade emitting sequentially the precursor and 
the recoilless resonance photons, there is possibility to overcome this limitation. Detection of the 
precursor photon and recoilless resonance photons allows one to use the coincidence-Mössbauer 
spectroscopy selecting only those resonance photons that are emitted during some preset time interval 
after detecting precursor photon. Such a "time filtering” results in substantial modification of the 
experimentally observed absorption/transmission-line shapes. For the first time the coincidence-
Mössbauer spectroscopy was applied by Hamill and Hoy [1] to improve the spectral resolution by 
taking spectra counting only those gamma photons coming from the source nucleus that have lived 
longer than one lifetime. Appreciable line narrowing was explained by the argument that photons, 
emitted by nuclei that have lived longer time, have a better defined energy, i.e. it was explained by a 
decrease of the energy uncertainty of photons emitted at later time. 
In this work we show that the narrowing of the delayed-photon spectrum is due to the quantum 
interference of the spectral components of the radiation field. The resolution enhancement of the time-
delayed coincidence technique will be demonstrated by the example of the poorly resolved Mössbauer 
spectrum of Fe(III) cations chemically bounded to the surface of the graphene oxide which was 
measured by standard and time-delayed coincidence technique. 
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